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SOME CHARACTERISTICS OF METABOLISM AND CONDITIONED REFLEX ACTIVITY 
OF ANIMALS DURING PROLONGED STAY I N  A HELIUM-OXYGEN MEDIUM 

G. V. Troshikhin 

Experiments were conducted w i t h  SS57, sexually-mature 
mice i n  a i r - t i g h t  chambers with c o n t r o l l e d  temperature  and 
c o n t r o l l e d  helium-oxygen content  (21 and 79%, r e s p . ) .  When 
t h e  temperature  w a s  21-23', t h e  metabolism of t h e  mice i n  
t h e  helium-oxygen atmosphere inc reased  by 50% above t h e  i n i -  
t i a l  l e v e l  during t h e  f i r s t  t h r e e  days.  

decreased later bu t  was always 10-15% above t h e  c o n t r o l s  ( a i r  
atmosphere).  
t h e  experimental  animals.  Both 0 consumption and body tem- 

p e r a t u r e  normalized when t h e  animals w e r e  changed t o  t h e  p l a i n  
a i r  atmosphere. Conditioned r e f l e x e s  set i n  much more slowly 
i n  t h e  experimental  animals (as t e s t e d  by t h e  formation of 
a d e f e n s i v e  condi t ioned r e f l e x  t o  wh i t e  l i g h t ) .  The mechan- 
i s m s  p o s t u l a t e d  are based on t h e  h e a t  c o n d u c t i v i t y  of helium 
being 6 times t h a t  of n i t rogen .  

The 02-consumption 

Body temperature  was decreased by 0.5-1.0" i n  

2- 

Study of t h e  changes of t h e  phys io log ica l  r e a c t i o n s  of man and animals  /1480* 
dur ing  a s t a y  i n  a helium-oxygen medium, i n  a d d i t i o n  t o  being of p r a c t i c a l  im- 
po r t ance  f o r  space medicine and d i v e r s ,  is of cons ide rab le  t h e o r e t i c a l  i n t e r e s t  
i n  connect ion wi th  t h e  b i o l o g i c a l  s i g n i f i c a n c e  of t h e  n i t r o g e n  of t h e  a i r  141. 

A number of a u t h o r s  have demonstrated t h e  p o s s i b i l i t y  of a prolonged l i f e  
of man and animals when i n h a l i n g  helium-oxygen mix tu res  [ Z ,  61. However, i n  
t h e s e  i n v e s t i g a t i o n s  no s tudy  has been made of t h e  i n f l u e n c e  of helium on meta- 
b o l i c  p rocesses  and t h e  f u n c t i o n s  of t h e  c e n t r a l  nervous sys t em.  
of t h i s  s tudy  is  t o  f i l l  t h i s  gap t o  some e x t e n t .  

The purpose 

Method. 
SS57 straiq. 
p l i e d  w i t h  a c l o s e d  a i r - r e g e n e r a t i o n  system. 
animals ,  w - f d  a u t o m a t i c a l l y  through a gas coun te r .  One of t h e  chambers w a s  
f i l l e d  w i t h  a helium-oxygen mix tu re  (21% oxygen and 79% helium); t h e  other, in 
which t h e  c o n t r o l  group of animals w a s  p l aced ,  was f i l l e d  w i t h  air. 
p e r a t u r e  i n  t h e  chamber w i t h  t h e  helium-oxygen m i x t u r e  could b e  increased u s i n g  
a the rmos ta t .  An equa l  number of mice was placed i n  each chamber. 
t e r m i n a t i o n s  of t h e  g a s  composition I n  t h e  chambers were made twice each day 
u s i n g  a Holden appa ra tus  ( f o r  oxygen and carbon dioxiik) sxx! 8 GELK-21 appara- 
t u s  which we modified ( f o r  an  admixture of n i t r o g e n  t o  helium). 
t e n t  i n  t h e  experiments f l u c t u a t e d  i n  t h e  range 18-22%, t h e  carbon diox$de 
f l u c t u a t e d  0.1-0.7% and t h e  admixture of n i t r o g e n  t o  t h e  helium-oxygen mix tu re  

The work w a s  c a r r i e d  ou t  using 80 s e x u a l l y  mature mice of t h e  
The experiments were c a r r i e d  out  i n  two a i r - t i g h t  chambers sup- 

The oxygen, as it  w a s  used by the 

The tem- 

Cont ro l  de-11481 

The oxygen con- 

*/Jumbers i n  t h e  margin i n d i c a t e  pag ina t ion  of t h e  o r i g i n a l  f o r e i g n  t e x t .  
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, w a s  2.5-5.0%. The t o t a l  consumption of oxygen i n  1 7  hours  ( i n  t h e  p e r i o d  from 
1600 t o  0900 hours) w a s  determined d a i l y  f o r  t h e  animals  on t h e  b a s i s  of t h e  gas  
counter  readings.  An electrothermometer w a s  used f o r  measuring t h e  rectal  
temperature  of 1 0  mice i n  each group wi th in  t h e  chamber without  changing t h e  gas  
composition. I n  a d d i t i o n ,  during t h e  e n t i r e  experiment t h e  dynamics of forma- 
t i o n  of de fens ive  condi t ioned r e f l e x e s  of m i c e  t o  wh i t e  l i g h t  ( i n  10 combina- 
t i o n s  d a i l y )  were s t u d i e d  w i t h i n  t h e  chamber us ing  a modified Aleksandrov- 

I 
I 

I Ts ib ina  appa ra tus  [ l ] .  

F igu re  1. 
i n  a Helium-Oxygen Medium. 
and " H e l i u m "  Media; B = wi th  Increased Temperature of "Helium" Medium. 
1 = Cont ro l ;  2 = Experiment. Legend: a = ml/Hour; b = A i r ;  c = 
I n i t i a l ;  d = Day. 

Dynamics of Oxygen Consumption by Mice During Their  Stay 
A = a t  I d e n t i c a l  Temperature of " A i r "  

R e s u l t s .  These experiments revealed t h a t  i n  t h e  m i c e  i n  t h e  helium-oxygen 

Later t h e  
atmosphere when t h e  a i r  temperature  w a s  21-23' t h e  metabolism i n c r e a s e s  appre- 
c i a b l y  du r ing  t h e  f i r s t  t h r e e  days (by 50% above t h e  i n i t i a l  l e v e l ) .  
oxygen consumption dec reases ,  bu t  during t h e  cour se  of t h e  e n t i r e  exposure is 
above t h e  l e v e l  of metabolism of t h e  c o n t r o l  group by 10-15%. 
ment of t h e  helium-oxygen medium by an a i r  medium during t h e  f irst  two days t h e  
oxygen consumption is maintained a t  a high l e v e l  and then is  normalized (F igu re  
1 A ) .  
c o n t r o l  animals  was decreased by 0.5-1.0° dur ing  t h e  e n t i r e  exposure i n  t h e  
helium-oxygen medium. 
l e v e l i n g  o u t  of t h e  body temperature  t o  i t s  i n i t i a l  l e v e l  ( T a b l e  1, series A ) .  

Afte r  replace-  11482 

The body temperature  i n  t h e  experimental  animals i n  comparison w i t h  t h e  

A f t e r  a changeover t o  t h e  b r e a t h i n g  of a i r  t h e r e  w a s  a 

During t h e i r  s t a y  i n  t h e  helium-oxygen medium, t h e  experimental  animals  re- 
v e a l e d  a l a g  i n  t h e  development of t h e  condi t ioned r e f l e x e s .  
t h e  cond i t ioned  r e f l e x e s  i n  t h e  helium group occurred on t h e  average on t h e  
1 9 t h  day o f  t h e  experiment (19 T 2 . 5 ) ,  and i n  t h e  c o n t r o l  group -- on t h e  8 t h  

The s e t t i n g  i n  of 

el-*- f Q  3 Th- J : C C - - - - - -  h - + * - - a m  t h o  nrniinc is ~ t ~ t i ~ t i ~ ~ l l y  re l izh le  
6'"Ut- -  uaj \u .; d -  I/. & L A C .  U L L L C L S L I L C  YC-LWLLII _L. -  

(P = 0.01). 

Thus, i n  t h e s e  experiments i t  w a s  found t h a t  t h e r e  was an a p p r e c i a b l e  in-  
f l u e n c e  of helium on metabol ic  p r c r e s s e s  and t h e  cond i t ioned  r e f l e x  a c t i v i t y  
of mice. 
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4 There are few d a t a  i n  t h e  l i t e r a t u r e  on t h e  p o s s i b l e  mechanisms of t h e  
i n f l u e n c e  of helium on t h e  body. Information i s  g iven  on an i n t e n s i f i c a t i o n  of 
t h e  t o x i c  e f f e c t  of oxygen i n  t h e  presence of helium i n  [ 5 ] .  Some au thor s  f e e l  
t h a t  helium can exert  a p o s s i b l e  d i r e c t  s t imu la t ion  o f  t h e  metabol ic  p rocesses  
a t  t h e  c e l l  l e v e l  [ 9 ] .  Another po in t  of v i e w  a l s o  e x i s t s :  t h a t  i n  b i o l o g i c a l  
r e s p e c t s  helium i s  more n e u t r a l  than  n i t rogen .  Taking i n t o  account t h e  h igh  
hea t  conduc t iv i ty  of helium, which i s  6 times g r e a t e r  than  t h e  hea t  conduc t iv i ty  
of  n i t r o g e n  [6 ,  81,  i t  can be  pos tu l a t ed  t h a t  i n t e n s i f i c a t i o n  of metabol ic  pro- 
cesses i n  animals i n  a helium-oxygen medium a t  an o rd ina ry  temperature  was ac- 
counted f o r  by t h e i r  cool ing .  Many i n v e s t i g a t o r s  have noted a s h i f t  of t h e  com- 
f o r t  zone f o r  man and animals  by 2-4" i n  t he  d i r e c t i o n  of an i n c r e a s e  i n  a he l -  
ium-oxygen atmosphere [2 ,  3 ,  61. 

With t h e s e  f a c t o r s  taken i n t o  account,  i n  another  series of experiments  w e  
i nc reased  t h e  temperature  of t h e  medium f i l l e d  wi th  t h e  helium-oxyg,en mixture  
by 3-4" i n  comparison wi th  t h e  "a i r "  medium (21-23 and 2 4 - 2 6 " ) .  It w a s  found 
t h a t  i n  t h i s  v a r i a n t  of t h e  experiments ,  t he  oxygen consumption i n  t h e  exper i -  
menta l  and c o n t r o l  groups of mice w a s  almost i d e n t i c a l  (F igure  l B ) ,  a l though 
t h e  rec ta l  temperature  of t h e  exper imenta l ' an imals  w a s  somewhat low i n  compari- 
son wi th  t h e  c o n t r o l  group (Table 1, series B ) .  There a l s o  was no d i f f e r e n c e  
i n  t h e  condi t ioned  r e f l e x  a c t i v i t y .  I n  the  mice of both groups the  condi t ioned  
r e f l e x e s  were formed a t  almost t h e  same t i m e  (experimental  group 9 ? 0.8;  con- 
t r o l  group 8 ? 1.3; d i f f e r e n c e  u n r e l i a b l e ) .  

The r e s u l t s  g ive  b a s i s  f o r  assuming t h a t  an  i n c r e a s e  of  t h e  l e v e l  of oxy- 
gen consumption, 
format ion  of t h e  condi t ioned  r e f l e x e s  i n  mice i n  a helium-oxygen medium f o r  t h e  
most p a r t  caused a cons ide rab le  h e a t  l o s s  and a cool ing  of t h e  animals as a re- 
s u l t  of t h e  g r e a t  d i f f e r e n c e  i n  the  hea t  conduc t iv i ty  of helium-and nitrogen. '  
The r e t e n t i o n  of an iocreased  metabolism i n  mice f o r  two days a f t e r  replacement 
of t h e  helium-oxygen medium by an a i r  medium appa ren t ly  can be a t t r i b u t e d  t o  
some i n e r t i a  of t h e  processes  of func t iona l  change of metabolism caused by t h e  
prolonged coo l ing  e f f e c t  of helium. 

decrease  of body temperature and i n c r e a s e  of t h e  time of 

I n s t i t u t e  of Physiology.  imeni I. P. Pavlov,  
Academy of Sciences USSR 

A r t  i c  l e  submit ted 
1 7  January 1966 
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